Genetic diversity among 24 spring wheat genotypes (Varieties/lines) was estimated using Mahalanobis D 2 -statistics and principal coordinate analysis. The genotypes fell into four clusters of different size. Of the seven different characters spike length and 1000 grain weight had the highest contribution towards the divergence. The highest inter cluster distance was observed between cluster I and III followed by cluster II and III. So, genotypes from the most divergence clusters could be used as parents in hybridization program and are expected to manifest maximum heterosis as well as broad spectrum of variability.
INTRODUCTION
Wheat is the most widely known grown cereal crop in the world, occupying 17% of crop acreage world over, feeding about 36% of world population (Bhanupriya et al., 2014) and providing 20% of the total food calories and protein in human nutrition (Verma et al., 2014) . Approximately one-sixth of the total arable land in the world is cultivated with wheat. Whereas paddy is mainly cultivated in Asia, wheat is grown in all the continents of the world.
The improvement program in wheat in Bangladesh first attempt was to increase grain yield and second target to confer resistance to disease and tolerance to abiotic stress like heat, salinity, drought etc. The wheat Research Centre of Bangladesh Agricultural Research Institute (BARI) has already released a good number of varieties suitable for Bangladesh condition and thereby area of cultivation has considerably increased. In Bangladesh wheat was cultivated on an area of .923 million acre during 2009-2010 with a production of 976 kg/acre and during 2010-2011 this scenario change in area under production (.885 million acre) but production increases per acreage (1124 Kg), (Year book of agricultural statistics, 2012). Thus the major objectives in wheat improvement program are to increase grain yield and to release varieties resistant to biotic and abiotic stresses.
The basic key to bring about the genetic upgrading of wheat relies on hybridization and subsequent selection. In plant breeding program choice of parent is the first step for hybridization. Genetic divergence between the parents is important for 18 effective breeding program as the genetically diverged parents are known to produce high heterotic effect and wide segregants for developing high yielding varieties. So, estimation of genetic distance is an important factor for selection of parents in wheat breeding program. In this pathway principal coordinate analysis is a multivariate statistical algorithms aims to estimating distance for all possible combination between used parents in a breeding program. Nevertheless, non hierarchical clustering helps to grouped genotypes into different clusters. Thus, the present study was to conducted to decipher the extent of genetic diversity among wheat genotypes using cluster analysis-PCO based methods for selection of parents in hybridization program to obtain desirable segregants in advance generation.
MATERIALS AND METHODS
The experiment was laid out in a randomized complete block design (RCBD) with three replications at the field laboratory of Department of Genetic Engineering and Biotechnology, Faculty of Agriculture, University of Rajshahi on 1 st December. This study was performed with 24 genotypes of spring wheat (Table 1) collected from Regional Wheat Research Center of Bangladesh Agricultural Research Institute, Shyampur, Rajshahi to assess the genetic diversity among the genotypes. Each replication was consisted of 24 plots and each of the plots was 2.0 m long with five rows. The spacing was 40 cm between rows and 5 cm between plants in a row. The space maintained between the plots was 80 cm and between the replication was one meter. Seeds were sown continuously by hand in rows and after complete emergence; 5 cm distance was maintained between plant after thinning and gap filling in a row of the plot. Urea, Triple Super Phosphate (TSP), Muriate of Potash (MP), Gypsum and Cow dung were applied at the rate of 220 Kg, 180 Kg, 50 Kg, 120 Kg and 6000 Kg/ha, respectively.
Data were recorded on individual plant basis from 10 randomly selected plants of each genotype from the five rows per plot in each replication. Among the characters studied as yield contributing traits plant height (cm), number of spikes per plant, spike length (cm), number of spikelets per spike, number of grains per spike, 1000 grain weight (g) were recorded on plot basis while the grain yield was recorded in the laboratory after harvesting. Data were subjected to D 2 analysis following canonical root method of Rao (1952) , which was originally developed by Mahalonobis (1936) . All the statistical analysis was carried out using the GENSTAT 5.13 software in IBM computer. 
RESULTS AND DISCUSSION
Analysis of variance revealed that all the genotypes varied significantly for all the character studied as yield contributing traits.
Cluster analysis
By the application of non-hierarchical clustering using covariance matrix 24 wheat genotypes for yield contributing traits were grouped into four distinct clusters (Table 2) . Similar clustering patterns were reported Baranwal et al., (2013) and Rahman et al., (2015) in wheat. In the present study, cluster I and IV was the largest group, containing eight genotypes followed by cluster II. Cluster III consisted of only one genotype, respectively. 
Canonical variate analysis
The Intra and Inter cluster distance are presented in Table 3 . It was revealed from the Table that in all cases the inter cluster distances were larger than the intra cluster distances. Cluster distance suggesting wider diversity among the genotypes of different groups. The members of cluster I and III exhibited maximum divergence, as their inter cluster distance was the highest followed between II and III. On the other hand, the minimum genetic divergence was obtained in the members of cluster I and II indicating a close relationships among the genotypes of these clusters. Verma et al., (2014) reported that the inter-cluster values that indicated close relationship were to be considered that hybridization among the genotypes of these clusters would not provide good levels of segregation. It is well recognized that greater the distance between clusters, wider the genetic diversity would be between the genotypes. Therefore, highly divergent genotypes would produce a broad spectrum of segregation in the subsequent generations enabling further selection and improvement. The hybrids developed from the selected genotypes within the limit of compatibility of these clusters may produce desirable transgressive segregants of high magnitude of heterosis. The intra cluster distances of cluster IV were highest (0.449) than the other clusters, suggesting cluster IV included more diverse materials. Therefore, highly divergent genotypes would produce a broad spectrum of segregation in the subsequent generations enabling further selection and improvement. In this present study, it was observed that the cluster I and III as well as II and III were highly diverse. So they were seemed to be more stable.
Cluster means for the characters
The four clusters showed considerable differences in mean values for different characters under study (Table 4) .From the cluster mean values it was found that cluster II had the highest mean values for grain yield (6.32), spike length (10.14), number of spikelets per spike (20.23), number of grains per spike (49.95) with moderately high mean values for remaining characters. This indicates that presence of high yielding genotypes in the cluster II. Cluster III included a single variety named Kheri which exhibited highest mean values for plant height (137.73), number of spikes per plant (8.27) and poor performance for grain yield and other yield contributing characters. Jamil et al., (2015) reported that based on cluster means, the cluster have been identified for selecting parents for future hybridization programme. The genotypes superior in the cluster may be involve in a multiple crossing programme to recover transgressive segregants with high genetic yield potential.
Contribution of characters towards divergence
The contribution of individual traits to the total divergence was studied (Table  5 ). The Table revealed that in vector I, the important traits responsible for genetic divergence in the major axis of differentiation were number of grains per spike (0.2220) and 1000 grain weight (0.1904). On the contrary, in vector II which is the second axis of differentiation spike length (1.2574) number of spikelets per spike (0.3948) and 1000 grain weight (0.2323) were important. The role of spike length and 1000 grain weight for both the vectors were positive across two axes indicating the important components of genetic divergence in these materials. Hossain et al. (2006) found spike length and 1000 grain weight as most contributing character towards the genetic divergence.
Selection of parents
Genotypically distance parents usually able to produce higher heterosis (Falconer, 1960; Ghaderi et al., 1979) . Considering magnitude of genetic distance, magnitude of cluster means for different characters and per se performance it was suggested that the crosses between genotypes belonging to cluster I and III, and II and III would give high manifestation of heterosis as well as wide spectrum of genetic variation in F 2 generation. Genotypes included cluster I could be selected for dwarf sized plant, cluster II for longest spike, higher number of grains per spike and moderate grain size and highest grain yield, cluster III for maximum plant height and highest number of spikes per plant and cluster IV for higher spike length, moderate number of spikelets per spike, bold sized grain and higher grain yield.
